The effect of head and neck movement and Trendelenburg tilt on endotracheal tube position, relative to the carina, was studied in fifty adult patients requiring intubation for elective surgery.
It is commonly thought that the tip of the endotracheal tube (ETT) approaches the carina during neck flexion and moves away from the carina during neck extension. The basis for this belief appears to be a study by Conrardy et aP. Using a radiographic technique in 20 semi-erect critical care patients, Conrardy found that the endotracheal tube moved an average of 19 mm toward the carina with neck flexion (range 0-31 mm inward) and 19 mm away from the carina with neck extension (range 2 mm inward-52 mm outward). This result was partially confirmed in patients under general anaesthesia in a recent study by Mehta'. Whilst studying the efficacy of intubation guide-marks for correct endotracheal tube placement, Mehta incidentally noted that by subtracting the population mean distance between the endotracheal tube bevel and the carina with the head in the neutral position, from that same distance with the head and neck in atlantooccipital extension, the tube moved toward the carina a distance of 5 mm, a magnitude of tube movement considerably less than that found by Conrardy.
The present study, using a direct means of measurement, was designed to investigate how head and neck movement and Trendelenburg tilt, during general anaesthesia, affects the endotracheal tube tip (ETTtip) to carina distance of each individual patient and to determine the range and mean of this change for supine anaesthetized patients. The aim was thus to establish the predictability of ETT displacement for each of the postures studied, and then to determine the clinical significance of tube displacement.
MATERIALS AND METHOD
Measurements were made in a group of 50 ASA I or 11 adult patients. No attempt was made to select patients with respect to age, dentition, height or weight. All patients had given prior written consent to the study which had been approved by our institutional ethics committee. All were undergoing surgery which would require paralysis and intubation.
In all cases the ETT was placed orally and firmly secured on the right side of the mouth with a linen ribbon tied around the head. All measurements were made during the maintenance period of general anaesthesia, by a single observer (S.l.Y.). To reduce pulling on the tube, a second anaesthetist held the tube firmly at the jaw and supported the anaesthetic hoses during posturing. In addition, all measurements were made at end-expiration to reduce carinal movement by disconnecting from the ventilator. Patient safety during apnoea was ensured by continued physiological monitoring including pulse oximetry in all cases.
The measurement technique was as follows: a fixed marker was initially placed on the proximal end of the fibreoptic bronchoscope ( Figure 1 ). The fibreoptic bronchoscope was then passed through the ETT until its tip lay at the tip of the ETT and the distance between the proximal end of the ETT connector and the fixed marker was measured (distance x). The fibreoptic bronchoscope was then advanced until its tip lay at the carina, the distance between the ETT connector and the fixed marker was again measured (distance y). The difference between the two measured distances (x-y) was that distance traversed by the distal end of the fibreoptic bronchoscope. That is, the ETTtip to carina distance.
x -y = tube tip to carina distance. This technique of measurement was evaluated before the clinical study using a transparent trachea model. Twenty-five separate measurements were made comparing the fibreoptic bronchoscope technique with direct visual measurements of the ETT -tip to carina distance. A two-tailed Student's t test for unpaired data was used to compare the results obtained.
In the clinical study initial measurements were made in the neutral position which was defined as the supine position, with the head resting on one pillow facing straight ahead. Then, in turn, measurements were made in each of the following positions; neck fIexion 30°, neck extension 30°, neck rotation to the right and left 70°, and 1tendelenburg tilt 20°. The ETT-tip to carina distance in the neutral position was reconfirmed before each postural alteration.
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RESULTS

Transparent Trachea Model
There was no significant difference between direct and fibreoptic measurements (P<O.OI). The mean difference between the methods was 2 mm (direct method > fibreoptic) and 801l,10 of our measurements were within 3 mm of the direct measurement. Table 1 summarizes the changes which occurred. Flexion 30° from the neutral position moved the tip of the ETT an average of 5.5 mm closer to the carina and extension 30 ° moved the ETT an average of 6.3 mm away from the carina (Figure 2) . In contrast, rotation of the head and neck and Trendelenburg posturing did not lead to any significant mean change in the ETT -tip to carina distance. In spite of significant mean trends of displacement for fIexion and extension, there is considerable variation in individual measurements (Figure 3 ). While 36 patients showed an inward movement with fIexion, 14 patients exhibited either no movement or an outward 
Clinical Study
DISCUSSION
The findings by Conrardy et all that movement of the neck from the extended to flexed position consistently shortened the ETT -tip to carina distance have not been borne out by this study. It is possible that these discrepancies can be accounted for by methodological differences between their study and ours. In their study the degree of neck flexion and extension was not specified, the patients were in the semi-erect position, fifteen of their twenty patients were nasally intubated and the ETT -tip to carina distance was measured radiologically rather than directly. Mehta' noted in his study that in his group of patients, movement of the head from atlanto-occipital extension to the neutral position advanced the ETT towards the carina an average of 5 mm, which compares more closely with our results. It is not possible however, to ascertain from the data provided by Mehta, whether or not movement from the extended to neutral position consistently advanced the tube toward the carina.
The wide range of displacements found on flexion and extension indicate inconsistent effects of changes in soft tissue geometry on the endotracheal tube and the mobile lung root. The orientation of the tongue and upper airway/pharyngeal soft tissue with the different postures adopted may variably effect curvature of the ETT.
The lung root is mobile and may be elevated or depressed by intermittent positive ventilation or changes in intra-abdominal pressure\ altering the level of the carina. The sum of the effects of these changes in soft tissue geometry is less readily predictable than the mechanism postulated by Conrardy to explain his results.
An important difference between our findings and those of previous studies is that it highlights the lack of value of mean trends of ETT displacement when there is significant inter-individual variability in both direction and magnitude of ETT displacement. It may be interesting to consider population mean trends in anaesthetized patients but with respect to patient safety, when the effect of postural change in anyone patient is unpredictable, it is far more important to confirm correct endotracheal tube placement by EtC0 2 , inspection and auscultation of the chest to ensure adequate ventilation. This should be done after every change in patient posture or when there is any deterioration in respiratory monitoring parameters.
The range of displacement for all the postures studied of approximately ±20 mm provides anatomical confirmation of the efficacy of placing the ETT bevel in the middle third of the adult trachea which is 12-15 cm long. This may be done using intubation guide marks on the ETT or by other means. It does not, however, obviate our responsibility to check and recheck correct endotracheal tube placement after every change in patient posture.
